Introduction
============

Uterine fibroids, commonly referred to as myomas or leiomyomas, are the most common benign lesion occurring in females of child-bearing age. While the majority of uterine fibroids are benign, they may negatively affect the female reproductive system, reducing fertility and causing significant morbidity for symptomatic patients, which may decrease their overall quality of life ([@b1-etm-0-0-8875],[@b2-etm-0-0-8875]). It is estimated that 25% of females of reproductive age develop uterine fibroids ([@b3-etm-0-0-8875]). At present, there are limited non-surgical options for the long-term treatment of uterine fibroids. While surgery is the primary and most effective treatment, uterine fibroids have high recurrence rates after treatment, leading to psychological and economic burdens to the patients and society at large ([@b4-etm-0-0-8875],[@b5-etm-0-0-8875]). Uterine artery embolization (UAE) is a safe and highly effective minimally invasive approach for treating symptomatic patients ([@b6-etm-0-0-8875]). However, this approach exposes the uterus and ovaries to high levels of ionizing radiation, which may negatively affect the child-bearing ability of females. In addition, UAE is a complex procedure requiring skilled and well-trained interventionists ([@b7-etm-0-0-8875]). In recent years, several techniques have been proposed for reducing the dosage of ionizing radiation, including bilateral femoral access and low imaging frame rates ([@b8-etm-0-0-8875]). However, these techniques may lead to low image quality and an increased risk of injury to the patient.

During the UAE procedure, imaging guidance is of critical importance to increase the accuracy of UAE and minimize any potential complications associated with this highly complex procedure ([@b9-etm-0-0-8875],[@b10-etm-0-0-8875]). Image guidance under 2-dimentional (2-D) digital subtraction angiography (DSA) for UAE is widely reported in the literature ([@b7-etm-0-0-8875],[@b11-etm-0-0-8875]).

However, with the development of new imaging modalities, it has become possible to obtain optimal images using enhanced 3-D functional and axial-anatomic adjunctive technologies ([@b12-etm-0-0-8875],[@b13-etm-0-0-8875]). Dyna CT, which is also known as modern C-arm CT or cone-beam CT angiography, uses all of the capabilities of modern C-arm digital angiography systems commonly available in endovascular suites. Dyna CT has become increasingly adopted in the clinical community due to its high image quality, versatility and dedicated applications for planning, guiding, monitoring and assessing interventional procedures ([@b14-etm-0-0-8875]). In a previous study, the usefulness of 3-D angiography was demonstrated using Dyna CT in the treatment of hepatocellular carcinoma via transcatheter arterial chemoembolization ([@b15-etm-0-0-8875]). In addition, 3-D angiography using Dyna CT was also reported to be useful in diagnostic and interventional radiology procedures involving the head, specifically cerebral aneurysms ([@b16-etm-0-0-8875]).

Despite the apparent advantages of Dyna CT, the use of imaging technology for UAE of fibroids has rarely been reported. It was hypothesized that Dyna CT may be a valuable imaging tool for improving the treatment of fibroids during UAE. The present study aimed to determine whether 3-D angiography by Dyna CT may replace conventional digital subtraction angiography anterior-posterior imaging in the transarterial embolization of fibroids.

Materials and methods
=====================

### Study design

The present study was approved by the Institutional Review Board and Ethics Committee of the First People\'s Hospital of Changzhou (Changzhou, China). All patients provided written informed consent prior to participation. The study population was comprised of patients with symptomatic uterine fibroids who were scheduled to undergo transarterial UAE at the Department of Interventional Radiology at the First People\'s Hospital of Changzhou (Changzhou, China) between May 2016 and September 2018. Dyna CT and DSA were performed in all patients during angiographic embolization of the bilateral internal iliac arteries.

The inclusion criteria for the present study were as follows: i) Females aged \<50 years of age with uterine fibroids (types I-III) as determined by the International Federation of Gynecology and Obstetrics assessed by B-ultrasound ([@b17-etm-0-0-8875]), sessile with intramural extension of fibroid \<50% (type I), sessile with intramural extension by \>50% (type II) or lesions localized in the myometrium with no deformation of the endometrial cavity (type III); ii) good general health; and iii) willing to undergo UAE. The exclusion criteria for the present study were as follows: i) Presence of other malignant or benign tumors; ii) tumors of \>10 cm in diameter or non-submucosal myomas \<3 cm in diameter; iii) presence of endometriosis or adenomyosis; iv) acute or chronic inflammation of the pelvic cavity; v) allergy to the contrast agents used during intervention therapy; and vi) patient age \>50 years.

### Angiography

Angiography was performed on the Siemens Artis zeego Syngo Dyna CT 360 digital angiography system (Siemens Medical Solutions) with a C-arm rotational speed of 30 degrees/sec and a rotational range of 200 degrees.

The operation was performed by a single physician with 10 years of experience at the Department of Interventional Radiology of the First People\'s Hospital of Changzhou (Changzhou, China). The diameter of the image intensifier on the C-arm was 16 inches. The Dyna CT software, non-ionic iodinated contrast agent (Omnipaque; GE Healthcare) and high-pressure syringe (Mark V Provis; Medrad, Inc.) were used as described below.

For angiography, the Seldinger technique was implemented using a 5F sheath ([@b18-etm-0-0-8875]). The 5F-RH catheter was placed in the bilateral internal iliac arteries for Dyna CT imaging of the bilateral internal iliac arteries, after confirming the origin of the bilateral uterine arteries by Dyna CT 3-D angiography. The contrast agent was injected into patients to observe the vascular architecture of the uterine arteries and fibroid staining. Using the contrast agent Omnipaque (300 mg/ml; internal iliac arteries, 6 ml at 1 ml/sec), the DSA scan was performed 2 sec after starting the injection, with an acquisition frame rate of 4 frames/sec, collection matrix of 1,024 by 1,024 and acquisition time of 4 sec.

Masked images were obtained with a 360-degree rotation of the C-arm, followed by a return to the start position. The patients included in the present study were \<50 years of age and were able to effectively hold their breath, which minimized the risk of motion artifacts. The whole procedure lasted only 7 sec and only a short breath hold was required, which minimized the number of artifacts.

Since the present study aimed to assess the usefulness of Dyna CT angiography in transarterial UAE of fibroids, it was important to visualize the uterus and fibroid. Therefore, it was necessary to image the uterine arteries and stained fibroids during rotational DSA. To fulfill this requirement, the timing of contrast agent injection and the amount of agent injected were determined based on previously performed internal iliac artery angiography, as an equal amount was required for the contrast media to fill the artery and reveal fibroid staining throughout the entire rotational DSA session. During internal iliac artery angiography, the time elapsed until visualization of the stained fibroids on the DSA images was determined and the start of contrast agent injection preceded the start of rotational DSA by this amount of time. The contrast agent injection continued until the end of the rotational DSA. The contrast agent for Dyna CT was Omnipaque (300 mg/ml; bilateral internal iliac, 3 ml/sec; imaging was performed 2 sec after the start of contrast agent injection). Imaging data from Dyna CT were automatically transferred to the Siemens X-Leonardo image processing workstation (Siemens Medical Solutions) for vascular imaging processing with volume-rendering technology. This allowed for better visualization of the origin of uterine arteries and fibroids with an acquisition frame rate of 60 frames/sec and a matrix size of 1,024 by 1,024. Although the density resolution of Dynamic CT is lower than that of conventional CT, the radiation dose was lower than that of conventional CT. Volume-rendering technology was used to locate the origin of uterine arteries and fibroids during transarterial UAE of the fibroids.

### Contrast agent and radiation dose

The radiation dose of Dyna CT was 233 mGy per scan with a bilateral dose of 466 mGy. The DSA contrast agent (Omnipaque) was given manually at a volume of 5-8 ml, with a bilateral volume of 10-16 ml. Since the location and angle of the tube were adjusted for each patient during surgery, the operation times varied between patients. The radiation doses given to patients were between 200 and 500 mGy.

### Image analysis

The visualization qualities of the origin of uterine arteries and stained fibroids imaged by Dyna CT 3-D rotational angiography and DSA anterior-posterior images were compared. DSA anterior-posterior images were evaluated at the workstation, while Dyna CT images were assessed by rotating the images created using volume-rendering technology. 3-D rotational angiography images were available for examination at the workstation immediately after completing the Dyna CT scans. The preparation of volume-rendering technology images required 1 min. The volume-rendering technology images are the most straightforward reconstructed images. Two experts in angiography (ZHH and QW) assessed the origin of uterine arteries and stained fibroids independently and any discrepancies were resolved by consensus.

### Statistical analysis

Continuous data were expressed as the mean ± standard deviation and enumeration data as n (%). Data were compared by the McNemar test using SPSS software (v19.0, IBM Corp.). P\<0.05 was considered to indicate statistical significance.

Results
=======

### Baseline characteristics of the patients

A total of 74 patients were considered for the present study and 9 were excluded based on the inclusion and exclusion criteria. Finally, 65 patients were included in the study. The average age of the patients was 38.5±9.5 years. A total of 21 patients had type I submucosal myomas, 14 had type II submucosal myomas, 19 had intramural myoma (type III) and 11 patients had mixed myomas (types I-III). The detailed patient characteristics are summarized in [Table I](#tI-etm-0-0-8875){ref-type="table"}.

### Image processing in different modalities

Dyna CT imaging was successfully completed in all of the patients. The 3-D rotational angiographic images, including the volume-rendering technology images, are superior for 3-D visualization of specific vascular structures of the uterine arteries ([@b19-etm-0-0-8875]), particularly for identifying 3-D structures of the origin of uterine arteries in patients where DSA anterior-posterior images display complex pelvic vessel anatomy or overlapping arteries ([Figs. 1](#f1-etm-0-0-8875){ref-type="fig"} and [2](#f2-etm-0-0-8875){ref-type="fig"}). Maximum intensity projection images and shaded surface display images may display the 3-D structures of arteries, yet volume-rendering technology images are more efficient for identifying the 3-D structures of arterial branches ([@b15-etm-0-0-8875]).

### Outcomes of Dyna CT angiography vs. DSA-AP imaging

Dyna CT 3-D angiography displayed the origin of uterine arteries in all patients (100%), while DSA anterior-posterior only displayed the origin in 45 cases (69.2%, P=0.03). There were 12 cases with overlapping uterine arteries and 8 cases with complex vascular anatomies. However, the detection rate of fibroids on Dyna CT 3-D angiography was lower than that on DSA anterior-posterior imaging ([Fig. 3](#f3-etm-0-0-8875){ref-type="fig"}). Stained fibroids were identified in 57 cases (87.7%) by Dyna CT and in all 65 cases (100%, P=0.03) by DSA anterior-posterior imaging. There were statistically significant differences in the detection rates for fibroids and the origin of bilateral uterine arteries between the two imaging modalities ([Table II](#tII-etm-0-0-8875){ref-type="table"}).

Discussion
==========

In the present study, Dyna CT was superior to DSA anterior-posterior imaging in detecting the origin of bilateral uterine arteries, particularly in cases with overlapping uterine arteries on DSA anterior-posterior images or in patients with complex vascular anatomies. However, Dyna CT was less efficient in detecting stained fibroids. To the best of our knowledge, there are no other studies on whether Dyna CT was superior to DSA imaging in detecting the origin of bilateral uterine arteries.

Due to recent technological advances in angiography, it is now possible to perform rotational DSA using a C-arm equipped with a large diameter image intensifier, which may be used to image pelvic vascular structures ([@b19-etm-0-0-8875]). A fundamental requirement of imaging procedures for transarterial UAE of fibroids is angiography, yet the understanding of the spatial distribution of vascular structures is highly dependent on the physician\'s anatomical knowledge, since the images are 2-D ([@b7-etm-0-0-8875]). Any method that relies heavily on the expertise and experience of physicians may have limited utility in the clinic, as misunderstandings are more likely to occur ([@b15-etm-0-0-8875]). Transarterial UAE of fibroids requires a detailed understanding of 3-D vascular anatomy prior to embolization. For this reason, 3-D angiography using rotational DSA during pelvic angiography was performed for transarterial embolization of fibroids and its usefulness in transarterial embolization of fibroids was assessed.

The success of transarterial UAE of fibroids depends on precisely identifying the origin of uterine arteries, along with highly selective catheterization ([@b20-etm-0-0-8875]). Previous studies have indicated that excessive embolization may damage normal myometrium, ovaries or fallopian tubes, resulting in uterine necrosis, infections or ovarian failure in rare cases. However, incomplete therapy or further blood supply to the tumor may result in treatment failure ([@b21-etm-0-0-8875]). Angiography images are generally 2-D, yet it is essential to assess the 3-D anatomy of the vasculature in patients with overlapping vessels or complex vascular structures ([@b19-etm-0-0-8875],[@b22-etm-0-0-8875]). In the present study, Dyna CT detected the origin of bilateral arteries in all of the patients, while DSA anterior-posterior images were unable to detect the origin in all of the patients, corroborating the notion that Dyna CT may be useful in patients with overlapping uterine arteries or complex vascular anatomies on DSA anterior-posterior images.

In a previous study, Gupta *et al* ([@b23-etm-0-0-8875]) demonstrated that 3-D rotational angiography is preferable to 2-D techniques for UAE. When using 3-D angiography by Dyna CT in the transarterial embolization of fibroids, it was esteemed to overcome the limits of DSA anterior-posterior imaging. As the ultimate objective, it was evaluated whether 3-D rotational angiography may be used in place of DSA anterior-posterior imaging by assessing the status of stained fibroids. Compared with DSA anterior-posterior imaging, Dyna CT demonstrated inferior visualization quality for the stained fibroids. In certain patients, fibroids were visualized by DSA anterior-posterior imaging, but not by Dyna CT 3-D rotational angiography.

One reason for this finding may be the difficulty in simultaneously visualizing the origin of uterine arteries and fibroids. During Dyna CT, the internal iliac artery and fibroids are filled with contrast media. Therefore, the time from the start of contrast agent injection to the visualization of stained fibroids in DSA imaging during internal iliac artery angiography is measured and Dyna CT is initiated when the fibroid staining begins to appear. In return, contrast agent injection is commenced prior to Dyna CT and it is continuously administered until completion. However, this increases the concentration of contrast agent in the uterus and may lead to poor fibroid visualization. In addition, there was a difference in radiation dose required for each frame. The radiation dose is measured as the mass voltage (V) and the mass is measured by current (mA) multiplied by time (sec). In Dyna CT, the X-ray tube rotates to restrict the exposure time. For compensation, the current (mA) increases within a specific limit, which increases the voltage and light scatter and decreases the image contrast. Motion artifacts may be another factor. 3-D angiography by Dyna CT does not require the patients to hold their breath, since it is performed in the head region. However, in the abdominal region, the patient must hold his/her breath for at least 7 sec from the start of masked images to the end of rotational DSA and another 2 sec for contrast agent injection ([@b24-etm-0-0-8875],[@b25-etm-0-0-8875]). In the present study, poor image quality of the fibroids was noted directly below the bottom of the uterus. This may be a result of motion artifacts due to patients not adequately holding their breath.

In the present study, patients over the age of 50 years were excluded, as older females experience menopause, which frequently results in the shrinkage of fibroids, reducing clinical symptoms. US is the gold standard as it allows physicians to accurately visualize the location and size of fibroids. Pathological diagnoses require highly invasive biopsies or surgeries, which should be avoided if possible. The present study had certain limitations that should be addressed. First, selection bias may have been present due to patients being selected from a single center. In addition, the sample size was relatively small. Further studies with larger sample sizes using patients from multiple clinical centers are required to confirm the present results.

In conclusion, 3-D angiography by Dyna CT is useful for identifying the 3-D anatomy of the bilateral internal iliac arteries during the transarterial UAE of fibroids, particularly in patients with the origin of uterine overlapping on DSA anterior-posterior images and patients with complex vascular branches. Compared with DSA anterior-posterior imaging, Dyna CT exhibited reduced visualization quality for fibroids. Therefore, Dyna CT cannot replace DSA anterior-posterior imaging for procedural evaluation of patients during transarterial embolization of fibroids. However, Dyna CT may provide information supplementary to DSA anterior-posterior images, which may assist physicians during treatment planning.
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![Representative case of a 35-year-old female with symptomatic submucosal fibroids. (A) Angiography of the right internal iliac arteries (DSA-AP image). Since the internal iliac artery branches overlapped, it was not possible to clearly identify the uterine artery on DSA-AP images. (B) Volume rendering reconstruction of Dyna CT 3-dimensional angiography, right anterior oblique 45-degree image. The overlapping uterine arteries (black arrows) in the AP view were clearly identified. DSA-AP, digital subtraction angiography anterior-posterior.](etm-20-02-1353-g00){#f1-etm-0-0-8875}

![Representative case of a 32-year-old female with symptomatic mixed fibroids. (A) Angiography of the left internal iliac arteries (DSA-AP image). Since the internal iliac artery branches overlapped, the uterine artery was not observed on the DSA-AP images. (B) Volume rendering reconstruction of Dyna CT 3-dimensional angiography, right anterior oblique 45-degree image. After contrast agent injection into the left uterine artery, the branching features of the left internal iliac artery were clearly visualized in the anterior region and the overlapped uterine arteries (black arrows) in the AP view were clearly identified. DSA-AP, digital subtraction angiography anterior-posterior.](etm-20-02-1353-g01){#f2-etm-0-0-8875}

![Representative case of a 32-year-old female with symptomatic mixed fibroids. (A) Angiography of the right internal iliac arteries (DSA-AP image). Uterine staining was observed, as well as the outline of the uterus. (B) Volume rendering reconstruction of Dyna CT 3-D angiography after contrast agent injection in the right internal iliac artery. The origin of the uterine artery was clearly visualized. However, uterine staining observed on DSA-AP imaging (A, arrows) was not detected by Dyna CT 3-D angiography. DSA-AP, digital subtraction angiography anterior-posterior; 3-D, 3-dimensional.](etm-20-02-1353-g02){#f3-etm-0-0-8875}

###### 

Patient baseline characteristics.

  Variable                                                  Value
  --------------------------------------------------------- -----------
  Age (years)                                               38.5±9.5
  Type of fibroid                                            
       I                                                    21 (32.3)
       II                                                   14 (21.5)
       III                                                  19 (29.3)
       Mixed                                                11 (16.9)
  Previous history of uterine surgery                        
       Yes                                                  23 (35.4)
       No                                                   42 (64.6)
  Dysmenorrhea                                               
       Yes                                                  25 (38.5)
       No                                                   40 (61.5)
  Development of the ovarian branch of the uterine artery    
       Bilateral                                            12 (18.5)
       Unilateral                                           11 (16.9)
       None                                                 42 (64.6)

Values are expressed as n (%) or the mean ± standard deviation.

###### 

Outcomes of Dyna CT angiography vs. DSA-AP imaging.

  Detected item                                 Dyna CT     DSA-AP      P-value
  --------------------------------------------- ----------- ----------- ---------
  Origin of bilateral uterine arteries (n=65)   65 (100)    45 (69.2)   0.03
  Fibroids (n=65)                               57 (87.7)   65 (100)    0.03

Values are expressed as n (%). AP, anterior-posterior; DSA, digital subtraction angiography.
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